Objectives. To compare students' performance in and course evaluations for a clinical pharmacokinetics course taught in a traditional classroom setting, and for the same course taught via interactive videoconferencing. Methods. The course was taught in a traditional classroom setting to 38 students, and in asynchronous sessions via interactive videoconferencing to 75 students at a distant site. A course evaluation was administered to each group at the conclusion of the courses. Results. The students in the live classroom setting had a higher mean final course grade of 90.7% compared to the mean final course grade (87.8%) of students in the interactive videoconferencing group (P 5 0.024). The mean evaluation score for students in the videoconferencing class were higher than for students in the live classroom setting (4.73 vs. 4.58; P , 0.001). Conclusions. Students in both the classroom setting and interactive videoconferencing setting performed well and had a high overall perception of the course.
INTRODUCTION
Due to the increasing demand for pharmacists, many new schools of pharmacy are being established and numerous existing schools of pharmacy are increasing class size and opening satellite campuses in an attempt to meet this demand. Distance-education techniques are being used to deliver pharmacy courses to an increasing number of students. Distance education has been defined as ''a separation in time and/or space between the learner and the instructor. More than a geographic separation of learners and teachers, it is a distance of understanding and perceptions that must be overcome by teachers and learners.'' 1 There are many types of distance-education models including online courses, interactive videoconferencing, videotaped lectures, and audio-taped lectures.
The quality of instruction and the ability of students to master course outcomes must not be compromised as the number of students increase. 2 Therefore, the quality of instruction taught using distance-education techniques must be assessed. Several recent studies have examined the use of interactive videoconferencing in pharmacy education. In 1998, Chisholm et al evaluated students' performance in and instructor evaluation of a pharmacotherapy course and a clinical pharmacokinetics course taught in both a traditional classroom setting and by interactive videoconferencing. 3 The authors found no difference in the performance of the students, but did find significantly lower student satisfaction with some instructors delivering lectures by interactive videoconferencing on a 6-item form. In 1999, Wade et al assessed the performance and evaluation of a clinical pharmacokinetics course taught in a traditional classroom setting, by a combination of classroom and interactive videoconferencing lectures, and entirely by interactive videoconferencing. 4 The investigators found no differences in student performance or instructor evaluation. In 2002, Mobley also found no difference in student performance for a pharmaceutics course taught both live and by videoconferencing. 5 In 2004, 2 reports comparing a live classroom setting and a distant site using interactive videoconferencing found no differences in student performance. The first study examined students at 3 different sites taking 4 pharmacotherapy courses, and found no differences in performance between students in the classroom setting and those at distant sites. 6 The second study evaluated student performance for the entire first-professional year of a pharmacy curriculum in a classroom setting and in an asynchronous, hybrid model. 7 In this case the distant student received lectures after a 2-to 3-hour delay (asynchronous), so the presentations were not interactive. However, the students were required to come to a local campus 3 or 4 times per week for interactive sessions with faculty facilitators (hybrid). The method of lecture delivery was not a predictor for grade point average.
In all of these studies, the lectures were delivered simultaneously to distant students with the exception of one study which evaluated asynchronous and non-interactive video technology. These 2 models minimize the impact on faculty teaching load when teaching additional students at distant sites. However, when lectures are delivered simultaneously to both live and distant students, the distant students have reported feeling inferior to students in the live classroom setting, and described themselves as ''second class citizens.'' 8 Additionally, of the studies above, only 2 examined students' evaluation of the instructors.
In this study, due to the departure of a West Virginia University (WVU) School of Pharmacy faculty member who was responsible for coordinating and delivering most of the lectures for the clinical pharmacokinetics course, an agreement was made with a Shenandoah University (SU) Bernard J. Dunn School of Pharmacy faculty member to coordinate and deliver the course. After discussing several distance-education options, it was decided to use an interactive videoconferencing system know as Mountaineer Doctor TeleVision (MDTV). MDTV is a telemedicine service developed in 1993 to provide patient care consultations and distance-education conferencing. Services are provided via a digital Integrated Services Digital Network (ISDN) to sites within the state of West Virginia. The technology allows real-time, interactive communication between students and instructors in different geographical locations. With the increasing numbers of WVU faculty at remote sites, MDTV makes instruction more convenient.
The purpose of this study was to compare students' performance in and satisfaction with a clinical pharmacokinetics course taught both live in a classroom and by interactive videoconferencing in separate, asynchronous sessions. Student satisfaction with both the course and instructor was evaluated with a comprehensive 24-item form.
METHODS
This investigation was conducted for a 3-credit hour clinical pharmacokinetics course delivered during the spring semester of 2004. One course was taught in a traditional classroom setting to 38 students at SU, and the same course was taught in asynchronous sessions via interactive videoconferencing to 75 students at WVU. In the latter course, the instructor was in Martinsburg, WV, and the students were approximately 150 miles away in Morgantown, WV. Both courses covered the same topics and were given by the same instructor except for 6 lecture hours presented in the classroom to WVU (distanceeducation) students by WVU faculty members.
The distance-education lectures were delivered from a room equipped with a computer, a document camera, and two 27-inch televisions. The lecturer had the ability to switch among 3 views delivered to the distant classroom: video image (eg, the lecturer); computer screen (eg, Powerpoint presentations); and the document camera (eg, used to show hardcopies of figures and demonstrate working out calculations by hand). One television projected the image being transmitted to the distant classroom, and the other projected the image of the students in the distant classroom. The distant classroom had at least 1 large screen, and in some of the classrooms used, this was supplemented with additional monitors placed throughout the room. During transmission, the distant site also had a faculty facilitator present at least for the beginning of each class, and 2 technicians monitored the entire transmission. The traditional classroom lectures were delivered in a classroom equipped with a computer, a document camera, and 2 video projectors with two 12-foot screens.
Course and instructor evaluations were administered to each group at the conclusion of the courses. The questions rated students' perceptions of the course and instructor using a 5-point Likert scale anchored at 5 5 strongly agree and 1 5 strongly disagree. The mean grade the students expected to receive (question #5) and the percentage of students purchasing the required textbook (question #11) were omitted when calculating the overall and domain averages. The variances of the results were first analyzed using Levene's test for equality of variances. The evaluations were then analyzed for overall significance, domain and individual question differences using independent sample t tests based on the assumption of the equal variances or unequal variances where appropriate in SPSS v12.0. The final course grades were analyzed by the same method. This study was approved by SU Human Subjects Review Board and WVU Investigational Review Board.
RESULTS
Students' demographic data are presented in Table 1 . The distance-education students had a higher mean Pharmacy College Admission Test (PCAT) (P 5 0.001) and pharmacy grade point average (GPA) (P 5 0.047) at American Journal of Pharmaceutical Education 2006; 70 (1) Article 10.
the onset of the 2 courses, and the traditional classroom students had a higher mean grade in the prerequisite basic pharmacokinetics course (P 5 0.028) that preceded the clinical pharmacokinetics course. No other significant differences were found.
Students who completed the course in the traditional classroom setting had an average final course grade of 90.7% compared to an average final course grade of 87.8% among students in the interactive videoconferencing group (P 5 0.024).
The response rate for the course and instructor evaluation was 98.6% (74 out of 75 students) for the distanceeducation students and 53.8% (21 out of 39 students) for the traditional classroom students. The mean evaluation score for the distance-education students was higher than for the live students (4.7 6 0.6 and 4.6 6 0.6, respectively; P , 0.001).
Results of the analysis of the 5 separate domains (ie, general, examinations/grades, lecture content, presentation/style, learning, and student contact) of the course and instructor evaluation are presented in Table 2 . The domain of general course questions was the only one significantly different between the 2 groups (P , 0.001).
Upon evaluation of the individual questions from course and instructor evaluation scores for the 2 courses, questions numbers 3, 4, and 10 were significantly different and are presented in Table 3 .
DISCUSSION
A number of techniques have been suggested to facilitate distance education, and several of these were used to support the instruction via videoconferencing in this study that may have enhanced the students' perceptions of the distance course. The instructor traveled to Morgantown, WV, to deliver the first lecture in person to the distant students. This initial face-to-face meeting has been recommended for distant courses so the students can interact with the instructor and see them as a person instead of just a picture on a screen. 8 All lecture materials were made available to the students prior to each lecture. These materials were primarily PowerPoint slide presentations that were made available as both a PowerPoint file and as a 3-slide-per-page handout in PDF format. Both file types were available to all students registered for the course on WVU's Secure OnLine Environment (SOLE), an Internet-based course delivery system. Word documents and Excel files were also used, and were also made available on SOLE prior to the day they were to be used in class. Since there was some difficulty in asking questions during the videoconference lectures, students were encouraged to use e-mail as a means of communicating with the instructor. Six recitations were also completed over the course of the semester. The students were given a set of problems to work on their own approximately 1 week prior to a recitation session in which the instructor solved each of the problems in class. Finally, the 2 courses were taught in asynchronous sessions. Therefore, the distance-education students could not perceive themselves as not having the same interaction with the instructor as the classroombased students, and consequently could not have the perception of being inferior to the classroom students. Occasionally, technical difficulties caused the loss of 5 to 10 minutes of instruction time in the distance-education lecture. However, loss of class time did not negatively impact the instructor's ability to cover course content. The incidence of these occurrences with MDTV has decreased significantly over the past few years as the technology has become more advanced. This course was the only required WVU course taught entirely by distance education. Overall, distance education via MDTV is used for less than 10% of the WVU classroom curriculum. The overall course and instructor evaluation score for the distant students was higher than for the live students, 4.7 6 0.6 and 4.6 6 0.6, respectively (P , 0.001). This surprising difference in favor of the distance course could have been due to the use of the techniques described above to facilitate the distance-education course. The inconsistency in response rates between the 2 groups was likely due to the methods of administration. The traditional classroom students completed the course and instructor evaluations at their convenience online, which in our experience has led to lower response rates. The distant students were given paper copies of the evaluation in class and the forms were taken up prior to the students leaving the classroom.
The domains of examinations/grading, lecture content, instructor presentation style, student learning, and student contact were not significantly different between the 2 groups. These findings could be expected, since these were all consistent between the 2 groups with the exception of student contact. The only domain that was significantly different in the evaluation between the groups was the general course questions. In this domain, 2 of the 4 questions received significantly higher ratings from students in the distance-education group: question #3, ''I understood the subject matter of this course'' (P 5 0.012), and question #4, ''The content of the laboratory or recitation was a worthwhile part of this course. . .'' (P , 0.001). The perceived better understanding of the subject is difficult to explain. However, the ability of distanceeducation students, who may have had difficulty asking questions during class, to see additional problems worked during a recitation session could have resulted in the distance-education students identifying the recitations as more valuable. The traditional classroom students had much better access to the instructor to ask questions, so they may not have perceived the recitation sessions as valuable to their understanding of the material. Based on this result, the incorporation of a recitation or recitation type interaction into distance courses may be beneficial to students. Interestingly, question #10, ''Graded assignments and examinations were returned in a timely fashion,'' was rated significantly higher by the distanceeducation students (P 5 0.024). This difference may have been due to an understanding of the distance-education students that the examinations had to be mailed to the instructor to hand grade, and then mailed back before they could be returned to the students.
Finally, the traditional classroom students had an average final course grade of 90.7% compared to 87.8% in the interactive videoconferencing group (P 5 0.024). Although significantly different, the academic significance of a difference of less than 3 percentage points is debatable. Regardless of the significance of the difference, the use of interactive videoconferencing did not negatively impact student performance in the course. However, there may be other factors that can affect students' overall educational experience in a distant-education environment that may not be captured by grade performance and course evaluations. For example, the distant students do not experience a close, direct interaction with the faculty member, which may facilitate mentoring and the modeling of professionalism.
In addition to the cited differences between the courses, several other limitations of this study have been identified. A sampling bias may have occurred with the SU students since only 53.8% of the class completed the course and instructor evaluation, while 98.6% of the WVU students completed the evaluation. Additionally, clinical pharmacokinetics is a required course for WVU in the third-professional year of the curriculum and the live course was an elective course in the second-professional year of the curriculum for SU students. Thus, the interest in pharmacokinetics between the 2 groups may have been different, as students who chose to take an elective pharmacokinetics course would be expected to perform better due to greater motivation in the course. However, both groups of students had taken the prerequisite basic pharmacokinetics course in the previous semester.
CONCLUSIONS
Students completing a clinical pharmacokinetics course in a traditional classroom setting or by videoconferencing performed well and had a high overall perception of the instructor and courses. The distance-education course was rated higher by students than the same course delivered live. Several techniques were used by the instructor to facilitate the instruction via videoconferencing that may have influenced the distant students' perceptions of the course. Based on the results of this study, at least one technique, the use of recitations, was highly valued by the distant students. Therefore, the incorporation of regularly scheduled recitation-type sessions should be considered when developing a distance-education course. To assure the quality of instruction as the use of distance education increases in pharmacy education, more studies in this area are needed to evaluate the implications of delivering pharmacy courses and entire curricula via interactive videoconferencing and other distance-education methods.
